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PROBLEM TO BE SOLVED: To prevent the breakdown of devices in a 
channel formation region of a relaxed surface field type LDOateral diffused) 
MOS even if a counter electromotive voltage is applied to a drain. 
SOLUTION: A P well 1 6 and an N well 2 are formed on an N-type substrate 
1 . A surface electrode 1 0 and the N-type substrate 1 have the same 
potential. The dopant density of a drift region in the N well 2 is set to satisfy 
RESURF (relaxed surface field) conditions. With this structure, effects of high 
withstand voltage and low on resistance can be obtained. Even if a counter 
electromotive voltage is applied to a drain electrode 1 1 , a parasitic bipolar 
transistor is formed in the N well 2, the P well 16 and on the N type 
substrate 1 . Since a current path is thereby formed in the substrate 
direction, it is possible to prevent the breakdown of devices in a channel 
formation region when a counter electromotive voltage is applied to the drain 
electrode 11. 
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flUB^S 2 x v - x^EU f - -v «fc tf F 

- tiT, buK^ 2 <7 x;U£ H 'J 7 hffitft 

f- hw&icmtutEtimm f u-r xwicBfSiEfiU: 

Ci^#Jg 3 ] BulBig 2 >> x;k HulBm l <7 x;b*3 <tt>* 
CiOtfi/W#- ; ^F^y^X^lCJ^fuffiWSitS 

mwtf&tizz. i:*i#afc-r*»*« i 2 ciais 

©¥tftt3SBo 

[tt5RJS4] fjfB^2>>x;l/i:ButB^NIf*eraAVl> 
SlisR^ 1 3Z.fi 2 (ceao^VttScB. 

mmm 5 ] suiBy-xss^%-&A,i?Buffi^ 1 * x^ 

[ii^JSe] V-X» ^•■^^;l/fig^*5<ktf FW 30 

jWfcfiE£*vri5 D , huIB^+ *;l/^«fe±tf Mia F 
>iH«IH»i:KU7b»*WeJ«*tlTaaMOS 
i^X * **rr £ T , 

sg 1 itiofi^it, m2mmm<Dm 1 ^x^jb 
fiE^n^fcfcfeiccwfgi ^x/i/rtfc^i -^x^.fc'sfe 

S<^l#fiS<0^2^x;b*^Bg^n, '>&<hfcd 
Ol 2 •> x;l/rttCBugB F U y hffit£1s&XfMi& F W > 

^ p. tMiav— x««kWE*«*Ji tbmmmcmfe 40 

7 ] nm<om 1 ¥*fMHtiB k m 2 ©«? 
m<r>Mo s h^^^x^^jgfigsn, HutBH2o*?M 

ttfc|fflB$ 1 ¥f*i*3l^»itLT^#-5 F 

MfSSfU ©fil^mittcfc^T, MiSSI l P 
S*©m 1 V ^frtf&f&znz t ti>icc<Dm 1 ^x;urt 

fet), MIB^2-i7x;l/F , 3lcy-xm«, ^+ 50 



±icy- FBffitf JBjSStiT. HufBSi. 2 * x;l/£ F 'J 7 

Fan** urcHufa^ffiaw^fn^Mo s h7^>*x^ 

8 ] fftOI l ¥#ft*©TK Ng©SS 2 
WBaWBritStU S 6t«S*ffi30»6iaE* 2 

7 p «teJ;t>*Bufa^2¥»(*efcj;5m{u^tcT. huIB 

rara&s 9 3 n mo^mmim M2 ©it?^« 

aSH#SftlS<OM O S F5:v^X#*}gfiKU MfiB^ 

huIB^ 1 ©*fffi«fc*sv>T, BulB^WfrSt. P3J© 
SU <7x;l/*5J;t;NS©^2'>x;l/^Bgt" ^.fcib©^ 
*>ftX*fTV\ |ip$t£i$n* iiufSSg l 

Vxfr%:&j$.-?2>ttt>\c£<Dmi <yx.)VfHlcmi tfx 
/l/.fc»>fca<ffilEai2*x/l/*JBjSU 
c©^. MIB^2>>x;brtfi:v-xffi«. ^+*;l^SiS 
feitf FU"f>««*»*t- St^tfeC fluIB^+^ 
;l^*S±tcy- F«tS^»B!tLT, husB^ 2 •> x/1/* F 
U 7 F^iSt LfcsufBMO S b v^X^^figb, 

sfc Hufa^2©^?m«^c43v^T^±, hu!b#«»®^ 

CfSB^©i¥ffl^^] 
[0001] 

[0002] 

[t¥*©Sffi] S£3fc, Nf-tV^HDMOS (Utera 
1 Diffused MOS) F5>^X^ (KT> *KLDMOS 
tO^) iiLTEIStC^-rt.©^^, COLDMOS 
«, 0t^-r«fc'5»c, N^»«UcN>>x^2*^filt? 
tl, CON')i;l/2l'3ltf-+*;l'P 1 >i^3* , MStl 

§ t h fe tc =f- -v P •> x ;i/ 3 N S1£MS(» 4 AW 

StU *fcN*x;b2rtfcNSttlW5j!«Bl«SnTV* 
So Stt»iBfca:y-h«ftBl6«^LTy-h«S7 
*<m^tlT^»3, -5r-h«®7ilT©^-V^UP , 7x 
;U 3 (0^ffifR«K lift 8 tfJgfiES tiTV>S 0 

[0 0 0 3] l-LT, NSt£f»J14;£V-XSitge. Nl 
ffi;tS«5«:FU-r>B«li:U LOCO S^{bM9T© 
N'7x;l/2^FU7hSlljci:L,TI/-'So &*5, 10, 1 

itt^n?nv-xm FH'^aiST'^o, i2« 

^-^^;l/P^x;l/3©^{!i^?>/ci6©ffi;t!cB, l 3(i 
SP^ffi^T'feSo d©J:-?£LDMOSl;:43^T, * 
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fc*«T*«Rffi, ««t*atifc:<<ao*>»Sitf** 
[ooo4] fct\ co*5*ra)a*iBi*-rsfeofc 

LT. ^0S5 9-2 4 5 5 0^ffi*5J:t/^Ba¥ 5 — 
2 6 7 6 5 2m&mcxk*? $><Dtf&Z>o C <D$><D(DWLm 
mi&*m9tCifrt 0 Z<Dt>(Dte, P^Sffil4tcN^x 

x/i/2^*^«g2jBtfit#t)*-r<.aafc«). xnEfl: 

(RE SURF) LDMOS fcnftftlSfeOt?, 
N^xy1/2 0KU7MH«OK—^>hBttU:^ ±IB^ 
IHfcE«8*ftTV>*<fc5ft. ^te*5RESURF*ff 

[0 0 0 5] 

DMosts^m fw>«si i fcpaattEi 4 

fc«««»«K:»KSnT«ia*tiTlr>*o C<Dtctb^ m 

Mi 5*««iTLftan 5*w»-rs«^, y-hm 

[0 0 0 6] C<D*£i\ ±ELfcaffi«l?»aSLDM 

osm ^oi^«HE(c»^s«8teaijffijffiS3b^ja$ 

nrv^v^fcft, aaeWffBttnntfc:. ?-*iM/P*x;l/ 30 

l ojci^iffitfaKnsciktcj;*). ^*;l/P^x;l/3<D 
iffitf NIJOKi 4 Oltt J: D t±Hit* c k t?, NS 
115(14^x^7^ ft*;l/P9x;l/3*^x> N 

[0007] *¥mi*±SBmmcm&rct><D^ mmm 

IWSftfflfLDMOSlcfci^T* F U-T >lcm&WEE<D& 

EbfcSffi«IMgftS!LDMOSti\ PSSffil4±tC 
WlW-NPNh7>^W (WT, ^CNPNTr 
±lcfB]3cL e fc-5 £-T££. NPNT r tc^oCt-S :n \s*7 $ so 



B 8 lCSt«IO L D M 0 S Sffl^ntf N P N T 

3tclLDM0Sfc*l/>TlSBJE. :*>ffi8i©M35:*|g3 

[0 0 0 8] aitlMafiLDMOSkN 
PNT r^lRl-»«±tC^*rSC^^2(DaMi:-r 

[0 0 0 9] 

[wn*«K*-r«fc»o#a] ±ESi<z>B»*»«-r 

<7)¥«{*:JI (l) K N ^2ili^l-)x;V (1 6) 
tfJBjERStiSfc^feteCKOffli 9x;I/ (1 6) fticmi 
VjljI (1 6) <kDfe»<Sl««Si<DS2*:n;l/ 

(2) OTR*SftT*iK fflES2 9x/l/ (2) rtlcv 
-Xffif& (4) . (8) feiffKl/-fy*| 

« (5) A^«*ti. «SfcME**iM/«« (8) _b 
te^-MMS (7) *»*S*iT> huES2*x;1/ 

(2) *FU7 MWk LftkilSWNnfflOMO S h 

mo s F^v^x**^»tti8i:-ra«flE*<twsy- 
Mi (7) icBiiosnWEFWXW* (5) tCRff^ 
«£EJCU:Oi([«EE3Wffl4nSnfc«F»c, ttES 2 * x ;b 
(2) fr&ttESl ^x;l/ (16) fc<fctffffE¥*tt* 

(i) *^LT«aai»*^«snscfc*«Fai:UT 

[0 0 10] »*S2K:|BKO«Wett. t*#Sl 1 fclB 

«©^fl*wc*5i^T. «ev— x«« (4) iituie 
*mwm (i) WHifitiifisntv^o it*Ji3tc: 

BWORWTfH:, m&m 1 Xtt 2 UHE«©*»ft*«fc: 
fe^T. tuta^2^x;V (2) . huESi*>x/1/ (l 

6) ft&xms&imttm (n imic*^w#— 

>3>X* (1 8) #JBj»S*u CO*t/W*-9h? 
>5>x*r (18) fcctQWEWiWTO^jS^ftaci: 

[0 0 1 1 ] W*B4 fcffi«0«Wett, W^R 1 Xtt 
2 £EKO¥*fraHe«^T* WES2»)x;l/ (2) 
fcttE¥«fl* (l) BW/^x^bTlMEMB 
»}WBj««ti«cfc«»«l:LT^*. tt&KSfciEtt 
OJWW 1 71S 4 ovvrnfr i otEtto* 
»(«HKcjsv^T, «rEv-xfB« (4) **A,i?ttE 

si ^x^sia-rs^— x (i 7) tfjgjssnTv^s 

[0012] M^6KEftQ9Mlcft^Ttt. v-x 
MM (4) , (8) HU-f >«* 

(5) S6fcWE^+*/MWLt»cy— FWB 

(7) 3WB**hT*0, WE^ir*;MIIWfiJ:CfttE 
FW>ffl« (5) IBlcFU^FWWWRrt^tiT** 
MO S b7>^* m«*«*8lTf*oT, Si 



(l 6) *<JBBg^n5i:i:fcK:comi -7x;U (l 6) 
rttS^xA (16) <fct)fca<Jgi #*!»<DSi2»> 
x;i/ (2) awiastu tt>c<om2 *j*.a> 

(2) rtfcwJBKU 7 hfia«*«ktf«ll5KU-f>fa« 
(5) 3b<»j£3nT*5!5, «6fcM32V-X«« (4) 
i:iw5B¥*WS (1) fctflimtefcfajestiT^SCfc 

COO 1 3] Sfc, ±ffifl!2©BW*3SJ8-r*fc«>, til 
(2 1a)AlU ^2£0^«^c^-Sl^nTt5f3, 

£ i <o^?^taffi«W^fn^<DMO s h7^x^ 

( L D M 0 S ) ^M^n« mig23S 2 QJK?#i8iC«tt£ 
MSl¥SWB (2 1 a) tt^UZZmtLTJ^X-? 
h7^X^ (NPNTr) #J&a«ttTV''*¥#f** 
HfT'&oT. HiJtEm 1 0«?1B«K*V>T, iiufBfg 1 ¥ 
4MM (2 1 a) (1 6) &&f£ 

sn5i:tt>ti:fl)li^i^rt (l 6) fclgi 
(1 6) iDfeS<NM2-)x;l/ (2) tfJBfiSSft 
T*50. BuiaSg2>7x;U (2) rttV— X«« (4) , 20 
+ (8) &£XfFl"f>&m (5) jWBj«S 

*6fctwa^-y*-;i«« (8) ±£y-hfm 

(7) imti.Z tlT. fflBm2Vx.fr (2) ^FU7h 
*OTfcLfcJWnB*ffi«ltWftS!©MO S h^^X*** 

coo 1 4] m^msicmmnmmx'it, mumncm 
to(D¥m&mmK.*5^T* wmmi^mwm (21a) 

OTfcNioa2¥WWI (2 1b) tfMStU 
fc:S«*ffijt>>6tWB8 2¥*{«H (2 1b) ICM5N1 

<DT4—-?m (26) ^BK^nrfeDs cof-f-y 30 

€ (2 6) feJ:tft&aB£23mi{*JI (2 1 b) lC«fcSm 

tftaastr» WEV-XHW (4) i:tu*i2Sg l ¥##Jf 
(2ia) #Plll{ii£2nT^se t£#@i:t-3o 
COO 1 5] 89*^9 fclEKOf^tete^Tti* NS© 

<*nfc#*{*«fifc» U % 1 

fDiOMOSh7>^^ (LDMOS) ^JgfiEU hu 
ieS2£D*?Ml^lC>'W^-^h^>> ? X^ (NPNT 
r) *®j^*¥*fl*B©«iS#tt-efcoT, MBm 
1 OJIffil*fcfcV»T, tffl&mVttfli (2 1a)fc, P 40 
SOSl«)x;l/ (1 6) }3«fctfNS!©Mi2^x.rt/ (2) 

Hute^i -7x;l/ (l 6) TOt5 kfcfet 
C £0^ 1 «7 x ;l/ (16) F*91C§I 1 >7 x;l/ (1 6 ) D 
S<BUie^2-7x;l/ (2) «JftAU C<Dm, H5ta^2 
7x/l/ (2) rtty— X«« (4) , 

(8) fc*tfKU-i*>««! (5) *jg*T*i:4:i:fe 

tc, me?-*:M'Mtt (8) ±ty-ns (7) 

HScLT. buIE^2"7x;1/ (2) *HU 7 h««fc Lfclff 
3BMO S h^Vi^X* (LDMOS) £JgfiKU Sfc. so 
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miE»2©Jli?ffi«K*5V>TH:, ICG^NffWH (2 1 
a) ^3U^^ifcLT/W*-7b7>^ (NP 

NTr) *}&S-rsCfc*l#ttfcLT^So 
CO 0 l 6] **5, ±ES¥SO*»>'3fiOl5§li, % 

-ess. i J1S6 fce*o«wfc *tuf, x 1 m 
nm<D¥m#.micm2mm.m<Dmi ^xfrtmimnm 

Cil2'>x;l/*«?n/c2i'>i;l/«jg^L, £<D 
S2>)x;*MOS t-7y->'X^(DKU7l-I^i: K 

CO 0 1 7] CCT\ HUl'^lSfcaseajE^BlAp^ 
nfc-<fc -5 t±, S27xM^Sl7x;l/*J:tf 

8 KfB«<Df£iU3fc: ZtilS. NM<D¥m#mic Picl l 
^ x /I/ £ N S^Sg 2 * x ;1/ ^ £ tlfc 2 fi >7 x ;Hftig 
£#LT«ffi*W*8ftSMOS h^^X^lfJ&LT 
i^&fre., N^O^*f*Jl«:=i^^^^i:-r-5NPNT 

r £|5|-gffi±fcJlM-f 3C£*n?£&„ 

COO 1 8] Sf^9tfHKO^t«J:ntf> ^<0<£-5 

ne.msmsm%myio s h7>->*?i:NPNT r 

x;l/«rlRl^St^J;ti^fi!c-r5 e k'5tcLTi/^A>c., v 
X^lftT-fgK m2<D'7x;l/^fiit'r^Ci:^T*# 
S„ 
CO 0 1 9] 

Wi^fPSLDMOS(D»TffiliB)c^-r o CcD0HC^-r 
*Hffig!lici3i,^Ttt, NSSSl tcP7x;H 
6£-Jfcfi£U ^(DtptcN^x^^Bg-f § 2M , 7x;b 
HfififcLTfet), S5fcV-X*«l 0£N!!li«li: 

2OK07 hffi^tt. R E S U R F ■g^jSfc 

<75^r*ia8, 09t^-rfeotii— <d&<d&. m— t 
[0020] 01 icTH-rm&m&tfflaML dmo s 

%o FW>iil UCLft^fl 5^SStlT^5^ 

So CCT% N7xyl/2 fcP7xyH 6 t©P^(Cjgfig^ 
tiS^fWt-FVZlt, N7x;l/2i:ft^l/P 
7x;l/3i: ©MKJ&SStia^^'r *-KVZ2itf 
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FVZ lWc7L/-^^>n o 
[0 0 2 1] -Tftfr^ ±faO£3ftffieSJE#fflAn;* 
N»>x;l/2*:P>j7x;l/l 6 

03 tc^-r^^tc^D. Fu>fyW5fr6y» x«« 

E#tlfc:ftoT*5?K CtHcJ;t)»5t5r-Y*— KVZ 1 

^ffitfaR 2tc£t) P^x/M 6 rtOHJE^±^LTV^ 

P *x;l/ 1 6 2:NlSfi l IBOSfi^t- F V Z io 
3^>L, N^x;l/2^P^x;H 6fcNSSSlfc: 

^*^f, fot, «8ft^M£tiScfcJt:J;saj»*ai*J 
[0 0 2 2] y-X«Bij4 4^P^x;I/16 

icats^xi7*TO6nteD, p^x;i/i6^ 

* 0^*;Wj*^k:tt«*^ai*nfc: < < ft& 0 

ft*. «E35ia^o*sH5iSte J: o c 

P^x;H 6tfMB»ftii:-t-»|»<»rtstiT^ 

[0 0 2 3] JJ«£\ ±iebfc^ffiaW^Sl^LDMO s 
*CMOSfeJ;tfNPNTrti:t,fc:, M— Sfi±tcjg 30 
j£Ltcmf£&m 4lc^~t 0 c<D0 4tC;jrr&<Dte:. SO 
I (Silicon On Insulator) ftififc LfefeOTftSo *f" 
ftfr^. N + 2 1 b±tCN- M (HlONfflltEl 
lc$m-?%m) 2 1 a*&rtLfeN9Sfi2 1 ^Pii 
S20^SiO 2 §<0*fi»IK2 2*^LTtt6D£*rt2: 

L. *n?n0*HHHttK: LDMOS, 
CMOS, NPNT r*»J*LTV>* 0 
[0 0 2 4] COH4te^-rfeOOJBiBD5rj**, 05. 40 

, J3>2 4«1S«o ft*\ COttBTIiNi!8fi2 
lSffitcKftK2 5*<flgfi8SnTV^o fit, 12 5 
(A) tc^-TcfcotC, LDMO SOJBttWiilcf*^— :/ 
N + Jl2 6*flgjfiU P^xyl/16. N^x;l/ 

2*jBj«'r*fc»o>r'*>aA*fTt\ ^ne^st 

f&2-££ 0 C(DS^ P«>x;I/K:U:#n> (B) , 
x/WcttHHR (A s) SS#Otttt«a<offlfflk: so 



«fctK P*x/l/*fflK. N^x;l/^<«^c*r^ 0 c<D 

fc*, ^-mci&gftTx^ lttofttticfctf-p* 

[0 0 2 5] ft*, ±K'f*>aAfcfc^T, #UXD 
K— X*tt 3 x 1 0 12 - 1 x l 0 13 S?/ c m 2 
D. H*OF-Xitt3x 1 0 12 - 1 x 1 o 13 JH?/c 

1 2 0 0 fP«6 0 OiffiKO F5^7-f 5 0 ft 
43. RESURFiifi©*ffi:bm N*x;WB2<0 
SI*^P»)i;l/il 6fc<DPNg?^TOj^^^r[qI<0 

[0 0 2 6] 

J* J Nd(x)dx < l-2XlO"cm" e 

[0 0 2 7] CCT% Nd (x) ft, *{4#«SfcScO 
^FMMttsfcSU xllSSWU xj N*x/1/ 
«2kP«?i;«i6i:©PN«§»?*ato Jfcfc. 
0 5 (B) fc5*-rj;3fc* CMOSOMIWIICP^x 
/t/2 7. N^x;b2 s^m^^fcib^^y^X^n 
V\ »*«**o 0 5 (C) N 

PNT r<DJBfi2«iSJC>f*>ttX2&ffv\ V^f^fz/ 

MO Sffi«tefcH«teLT^— X 1 7*JBfiK-rs 0 
[0 0 2 8] 0 6 (A) tC^-TctdtC, LOCO 

SffifkSffdo ^IgtJ;^ LDMOStDMfflS 
UlLOCO S«ftM9 3b^fi8^n«o C<D», LDMO 

*fr5o fLT, SfiiilcPo 1 y Si fcflg/SU 

y*fri^ l d m o s oy- hf®7 «jgric-r &<> 

[0 0 2 9] CO»«4. l»o«?»*iaicJ:!i, L 
DMO S. CMOS. NPNT r*H3WBj«LT^*^ 

a»wtcH4tc^'Tfeo*«j*-r«o ft*, ldmos 

2 rt£?-v *;l/P 9 x ;l/8 *s <ktf y— XfW* 4 
/*rT£o ±IE©Hito5ffifc:J;!K LOCOS S&ffcHI 9 <D 
S£*2/im£U P^x;H6iDl»S^8Xl 
0 15 -2xiOVcm 3 , N*>x;l/2CQii^ffiilJg£: 
3X1 0 16 — 6X10 16 /cm 3 , N^x;I/2 0Dj^2£: 
1. 5-2. 0MmS«fcLfc«ffi*fflB»SLDMO 

■S*JgjsELfco *<DW&, y— x. FU-fVHOBE* 
7 0—8 0Vgfi> N9x7l/2 — P9x;H 6BBOBE 
^6 5Vl«kt8CJ:tf«ft. 
[0 0 3 0] ft*. 0 4tC*rr£><DT-&, SOI«5S£: 

«>ii*JB3 OJoitfS^lBtmPJBa 1 »CT*?»HI* 
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